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Abstract 

Background: In the United States (US) a shortage of primary care physicians has become evident. Other health 
care providers such as chiropractors might help address some of the nation's primary care needs simply by being 
located in areas of lesser primary care resources. Therefore, the purpose of this study was to examine the 
distribution of the chiropractic workforce across the country and compare it to that of primary care physicians. 

Methods: We used nationally representative data to estimate the per 100,000 capita supply of chiropractors and 
primary care physicians according to the 306 predefined Hospital Referral Regions. Multiple variable Poisson 
regression was used to examine the influence of population characteristics on the supply of both practitioner-types. 

Results: According to these data, there are 74,623 US chiropractors and the per capita supply of chiropractors 
varies more than 10-fold across the nation. Chiropractors practice in areas with greater supply of primary care 
physicians (Pearson's correlation 0.17, p-value < 0.001) and appear to be more responsive to market conditions (i.e. 
more heavily influenced by population characteristics) in regards to practice location than primary care physicians. 

Conclusion: These findings suggest that chiropractors practice in areas of greater primary care physician supply. 
Therefore chiropractors may be functioning in more complementary roles to primary care as opposed to an 
alternative point of access. 
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Background 

In the United States (US) health care policymakers con- 
tinue to be concerned about the ability of the primary 
care workforce to meet the future primary care needs of 
an aging and expanding population. Some authorities 
encourage increasing the general physician workforce to 
address the shortage [1-3]. However, others argue that, 
because of market forces, expansion would only perpetu- 
ate the overabundance of specialists and continue to 
widen the divide between high and low supply of pri- 
mary care physicians [4,5]. Indeed, recent studies suggest 
that, after accounting for population differences, a 2- to 
3-fold variation in physician supply exists across geo- 
graphic regions [4]. And only primary care physician 
supply [4] appears to be related to improvements in 
population health outcomes [6]. 



* Correspondence: matthew.a.davis@dartmouth.edu 

Center for Health Policy Research, The Dartmouth Institute for Health Policy 
& Clinical Practice, 35 Centerra Parkway, Lebanon, NH 03766, USA 
Full list of author information is available at the end of the article 

(3 BioMed Central 



To meet the nations future primary care needs, it 
might be reasonable to expand the scope of practice of 
ancillary practitioners such as nurse practitioners and 
physician assistants. However, there is concern that the 
number of new graduates from nurse practitioner and 
physician assistant programs is not keeping pace with 
the required needs to mitigate future primary care phys- 
ician shortages [7]. In addition, there is evidence that 
physician assistants are providing more specialty care 
[8,9]. 

Many Americans seek care for common health condi- 
tions outside the offices of primary care physicians 
[10,11]. More specifically, neck and lower back condi- 
tions are among the most common conditions encoun- 
tered in the primary care setting [12-15]. Chiropractors 
in the US provide a substantial portion of satisfactory 
care for these complaints [16]. In this regard, chiroprac- 
tors may already be offsetting primary care shortfalls 
(serving as an alternative) by merely being located in 
areas of lesser primary care supply. If chiropractors are 
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indeed located in areas of lesser primary care physician 
supply, they might be serving as points of primary con- 
tact for patients, thereby improving access. On the other 
hand if chiropractors are located in areas of adequate 
primary care physicians supply, it might suggest chiro- 
practors function in more complementary roles (i.e. 
treating cases that would otherwise have been treated by 
primary care physicians as opposed to serving as a point 
of primary contact). Depending on their existing role in 
the larger health care system, chiropractors may be posi- 
tioned to play an even larger part in addressing the 
nation s growing health care needs. 

However, little is actually known about the relationship 
between the chiropractic and primary care physician 
workforces [17-19]. We hypothesized chiropractors 
might be distributed across the nation in a manner, ei- 
ther directly or inversely, related to that of the nations 
primary care physician workforce. Therefore, the pur- 
pose of our study was to examine the distribution of the 
chiropractic workforce and compare it to that of primary 
care physicians. 

Methods 

To examine the chiropractic workforce and compare it 
to that of primary care physicians, we used data from 
the Center for Medicare and Medicaid Service s Unique 
Physician Identification Number Directory, the US Cen- 
sus Bureau, and data on medical physician supply previ- 
ously collected by the Dartmouth Atlas of Health Care 
for 2006. The Dartmouth Atlas of Health Care provides 
national information on the distribution and use of med- 
ical services across the US according to predefined geo- 
graphic units. 

We gathered practitioner supply and sociodemo- 
graphic population data by Zone Improvement Plan 
(ZIP) code and aggregated all measures according to the 
306 Hospital Referral Regions (HRRs) commonly used 
by the Dartmouth Atlas of Health Care. HRRs are geo- 
graphic units that were initially designed based on health 
care utilization and have the advantage of being inde- 
pendent of political boundaries. 

Measures 

The chiropractic workforce 

Estimating the national supply of chiropractors is a chal- 
lenge because they can have multiple state licenses. The 
Unique Physician Identification Number Directory con- 
tains information on and provides a unique identifica- 
tion number for physicians, osteopathic physicians, and 
other select health care practitioners (including chiro- 
practors) who are enrolled in the US Medicare program. 
Using this directory, for the years 2002 to 2008, we iden- 
tified chiropractors enrolled in the Medicare program 
and the ZIP codes for their practice locations. In the US 



it is mandated that, whether they participate in billing 
the Centers for Medicare and Medicaid or not, chiro- 
practors must be enrolled in Medicare in order to treat 
any patient over the age of 65 years. Therefore, Medicare 
data is likely a very complete data source for US chiro- 
practors; albeit, it may not include the few chiropractors 
who, for instance, only treat children. 

To confirm findings from the Medicare files, we col- 
lected data on the total number of chiropractic licenses 
from the Federation of Chiropractic Licensing Boards 
and obtained information on the total number of 
employed chiropractors from the National Employment 
Matrix (Additional file 1: Appendix 1) [20]. The National 
Employment Matrix is compiled biennially as part of the 
Employment Projections program by the US Bureau of 
Labor Statistics; data for the matrix comes from multiple 
Bureau of Labor Statistics databases including: the Oc- 
cupational Employment Statistics survey (data identify- 
ing employed workforce patterns and salaries), the 
Current Employment Statistics Program (data on total 
wage in each industry), and the Current Population Sur- 
vey (data on self-employed and second jobs). The dataset 
provides annual estimates of numbers of employed 
workers in specific jobs. 

The primary care physician workforce 

Data on the supply and practice location according to 
ZIP codes for medical physicians were used from the 
American Medical Association and American Osteo- 
pathic Association Masterfiles for 2006. These data were 
aggregated previously by the Dartmouth Atlas of Health 
Care and excluded physicians in graduate medical edu- 
cation, those working primarily in teaching, administra- 
tive, or research positions and those working less than 
20 hours per week in clinical settings. The Masterfiles 
contain information on 406 self-designated specialties by 
physicians. 

The Masterfiles were used to determine the relative 
overlap in the local supply of chiropractors and primary 
care physicians, operationalized as physicians who self- 
reported practicing internal medicine, family medicine, 
or general practice (note: we did not include pediatri- 
cians in our definition). 

Population data 

Using extrapolated 2000 US Census Bureau data we gen- 
erated estimates of the number of chiropractors and pri- 
mary care physicians per 100,000 adults (age > 18 years) 
for 2006. We limited our analysis to the adult population 
age 18 and older because that population uses approxi- 
mately 80 to 90 percent of all chiropractic services each 
year [16]. Thus we were consistent with the potential 
treatment population in our definition of primary care 
physicians. For each Dartmouth Atlas defined HRR, [21] 
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we generated the supply of practitioners per 100,000 
adult capita according to the US Census Bureau 2006 
population data. We also obtained other sociodemo- 
graphic data for HRRs, including age, race/ethnicity, 
family income, and education from the US Census 
Bureau. 

To examine population factors that might influence 
the supply of practitioners, we calculated the percent of 
the adult population aged 65 and older, those aged 25 or 
older with a high school education or less, those of racial 
or ethnic minority, and families with a median house- 
hold income < $20,000 for each HRR. 

Data from Washington University's Rural Health Re- 
search Center were used to classify US ZIP codes as ei- 
ther urban or rural [22]. The Rural Health Research 
Center uses population data from the US Census Bureau 
as well as spatial data and commuting distances to gen- 
erate rural classification scores known as Rural-urban 
Commuting Area codes. Rural-urban Commuting Area 
codes were collapsed into either urban or rural and 
determined the percent of the adult population that 
resided in rural zip codes for each HRR. 

Statistical analyses 

We used Pearsons correlation to compare the relation- 
ship between per adult capita supply of chiropractors to 
that of primary care physicians and determined the 
expected supply of chiropractors per HRR when 
accounting for population size and age. We operationally 
defined very high and very low chiropractic supply areas 
as HRRs wherein observed supply was at least 50 per- 
cent higher or lower than expected supply, respectively 
(observed to expected ratio of 1.5 for "Very High" and 
0.5 for "Very Low"). To examine the relationship be- 
tween population characteristics and the supply of the 
chiropractors and primary care physicians we used mul- 
tiple variable Poisson regression adjusted for population 
size. Sandwich variance was used to generate more 
robust standard error estimates. We used ArcGIS ver- 
sion 10.0 (ESRI, Redlands, CA) for spatial analyses and 
Stata version 11.0 (College Station, Texas) for regression 
analyses. 

Results 

We estimated that there were 74,623 chiropractors in 
the US who held 87,237 state chiropractic licenses (a 
mean of 1.2 licenses per practitioner) in 2006. The na- 
tional chiropractic workforce has been relatively stable 
from 2002 to 2008 (Additional file 1: Appendix 1). There 
were about twice as many active primary care physicians 
(169,843) in 2006. 

The per capita supply of chiropractors ranged from 
10.7 per 100,000 capita in Bryan, Texas to 126.4 per 
100,000 capita in Mason City, IA, a 10.8-fold variation 



in supply. Although New Orleans had an even lower 
supply of chiropractors (6.8 per 100,000 capita) than 
Bryan, because the low numbers in New Orleans could 
have been an effect of chiropractors relocating after 
Hurricane Katrina in 2005, we were concerned that the 
New Orleans results were spurious and eliminated New 
Orleans from further analysis. The median supply of 
chiropractors was 36.6 per 100,000 capita. The supply of 
primary care physicians ranged from 46.0 to 123.8 per 
100,000, with a median supply of 74.0 per 100,000, a 
considerably lower 1.7-fold variation across HRRs 
(Figure 1). 

The supply of chiropractors and primary care physi- 
cians was correlated (Pearson correlation coefficient = 
0.17, p-value < 0.01). However, the 20% of HRRs with a 
high supply of chiropractors per capita (defined as those 
greater than or equal to 50 per 100,000 capita) were 
roughly equally distributed across high and low primary 
care physician supply locales (Figure 1). 

We found that variation in the supply of chiropractors 
across the US exhibited a specific spatial pattern 
(Figure 2). The Midwestern and Western regions con- 
tained considerably more chiropractors than expected 
after accounting for differences in population age and 
size — a similar but more pronounced pattern than that 
of the crude supply of chiropractors per 100,000 capita 
(Additional file 1: Appendix 2). Conversely, the Southern 
portion of the US had considerably fewer chiropractors 
than expected. Considering the high supply of medical 
physicians in the Northeast, we were surprised to find 
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► Hospital Referral Region with supply of 
chiropractors > 50 per 100,000 capita 
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Mean: 41.2 

Median: 36.6 
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Figure 1 Distribution of Practitioners per United States 
Hospital Referral Region. Abbreviations: IQR, interquartile range, a: 
Primary care physicians defined as general practitioners, internal 
medicine, and family medicine physicians (pediatricians excluded). 
** p-value < 0.01. 
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Ratio of Observed to Expected 
| Very Low (<0.50) 
Q Low (0.50 to 0.74) 

] Within Expected (0.75 to 1 .25) 
□ High (1.26 to 1.50) 

| Very High (>1.50) 
No Data Available 

Figure 2 The Ratio of Observed to Expected 3 Supply of Chiropractors per United States Hospital Referral Region, a: Expected counts 
generated from Poisson regression model adjusted for total population and age. 



that few HRRs in the Northeast exceeded expected sup- 
ply of chiropractors. New Hampshire and Vermont Hos- 
pital Referral Areas were an exception and some of these 
HRRs trended towards higher concentrations of chiro- 
practors (a ratio of 1.26 to 1.50 of observed to expected). 

Population characteristics and practitioner supply 

In both univariate and multiple variable Poisson regres- 
sion models, population characteristics were more 
strongly associated with the supply of chiropractors than 
with that of primary care physicians (Figure 3). Popula- 
tion, age, and rurality were associated with higher supply 
of chiropractors. For instance, every 1% increase in the 
65 and older population was associated with a 6.4% in- 
crease in the supply of chiropractors. Additionally, a 
lower proportion of minorities, those with greater than 
high school education, and those with income greater 
than $20,000 were predictive of a higher supply of chiro- 
practors (p- value < 0.001 for all three measures) 
(Figure 3B). 



Lower population educational levels were predictive of 
lower chiropractor and primary care physician supply, p- 
value < 0.001. A higher proportion of the population liv- 
ing in rural settings was predictive of higher supply of 
chiropractors in both univariate and multiple variable 
models (p- value < 0.001 for both) and primary care phy- 
sicians in the multiple variable model. 

Discussion 

This is one of the few recent studies to examine the na- 
tional supply of chiropractors [17,23-25] and, to our 
knowledge, the first to compare regional variation in the 
supply of chiropractors to that of primary care physi- 
cians. We estimate the total chiropractic workforce to be 
over 74,000 practitioners, almost half of our estimate of 
169,843 active primary care physicians in 2006. We 
found greater than a 10-fold variation across the country 
in the supply of chiropractors, a higher concentration of 
chiropractic services than expected in the Midwest, and 
a lower one in the South which collaborates with a 
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Figure 3 (A) Results of Univariate and (B) Multiple Variable Poisson Regression Models for the Association between Practitioner Supply 
and Population Characteristics, a: Based on urban versus rural as defined by University of Washington's Rural-urban Commuting Area Codes, 
b: Minority races and ethnicities include all adults that are not Non-Hispanic White, c: Among adults > 25 years old (all other measures among 
adults > 18 years). 



recent report that examined the influence of supply on 
utilization [25]. Finally, we found a statistically signifi- 
cant correlation with the per capita supply of primary 
care physicians. 

Our study suggests that chiropractors tend to establish 
their practices in areas that also have higher supply of 
primary care physicians. This is likely explained by the 
influence of market conditions on both groups: both are 
likely to locate in areas that will support their practices 
- however, there are many other personal and profes- 
sional factors that our data did not account for. This 
finding may suggests that chiropractors function in a 
complementary role, as opposed to an alternative role, 



to primary care physicians. Whether that complemen- 
tary role is substitutive or additive is unknown. 

When chiropractors and physicians are asked inde- 
pendently to define the role primary care plays in popu- 
lation health there is significant agreement between the 
two professions [26]. However, chiropractors in the US 
remain largely considered to be neuromuscular specia- 
lists. In addition to government and private insurances 
designating chiropractors' as specialists in health care 
systems, chiropractors role as neuromuscular specialists 
is also is due to patients' impressions of their services - 
patients tend to view chiropractors as "back doctors" not 
as primary care providers [27]. Many within the US 
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chiropractic profession are content with their role as 
neuromuscular specialists and those who wish to provide 
more primary care roles likely have numerous barriers 
to overcome [28]. 

Previous studies have examined the professional rela- 
tionship between primary care physicians and chiroprac- 
tors and uncovered an overall lack of inter-professional 
cooperation [29-31]. There is considerable overlap in the 
patient population treated by primary care physicians 
and chiropractors - neck and back conditions are among 
the most common complaints in the primary care set- 
ting [15]. This, coupled with our finding that chiroprac- 
tors tend to locate in areas with higher primary care 
physician supply, suggests there is considerable potential 
for inter-professional collaboration. Health service use 
for neck and back conditions has risen in recent years 
and are attributed with substantial costs to the US econ- 
omy [12,13,32]. Novel, interdisciplinary strategies are 
needed to address the growing needs of this population. 
Improved collaboration and coordinating care between 
chiropractors and primary care physicians has potential 
to help improve population health and reduce health 
care costs. 

The relatively strong influence of population charac- 
teristics on the regional supply, of chiropractic care sug- 
gests that chiropractors are more responsive to market 
conditions than primary care physicians. Indeed, the 
chiropractic profession in the US continues to be pre- 
dominately a "cottage industry", and therefore most chir- 
opractors are also small business owners. It is likely that 
chiropractors establish their practices in areas of higher 
socioeconomic status, health care access, and overall de- 
mand for their services. 

Also, there appears to be a relationship between rural- 
ity and chiropractic supply, and previous reports have 
explored the relationship [17,24,33]. For instance, one 
study found that chiropractors practicing in a Health 
Professional Shortage Area (which tend to be more 
rural) had larger patient panels than those not in Health 
Professional Shortage Areas, suggesting chiropractors 
may be playing a role in improving access to health ser- 
vices in certain locales [24]. Our results align with most 
previous reports as we found more rural areas to be pre- 
dictive of a higher supply of chiropractors. Nevertheless, 
while chiropractors tend to be located in more rural 
areas (which may improve access to care in some popu- 
lations), they are less likely to be located in poorer areas 
and areas with high proportions of racial and ethnic 
minorities. 

These findings will inform health care policymakers as 
they decide how chiropractors will be part of US health 
care reform efforts, such as Accountable Care Organiza- 
tions [34] or the potential expansion of coverage of 
chiropractic services. The size of the chiropractic 



workforce is relatively large, with higher concentrations 
in the Midwest, a pattern not exhibited among medical 
physician groups [21]. The extent to which chiropractors 
might be able to supplement medical care should be 
considered as a way to enhance the primary care work- 
force. Specifically, even though chiropractors might not 
be serving as points of primary contact role, chiroprac- 
tors may be contributing to addressing the continued 
health care related to back and neck conditions particu- 
larly for populations residing in rural locales. 

Limitations of the study 

Our study has several limitations. First, we examined 
chiropractors who were enrolled in Medicare with the 
Centers for Medicare and Medicaid Services. Using data 
from the Centers for Medicare and Medicaid Services to 
estimate the national chiropractic workforce may have 
either underestimated the national supply (by excluding 
the few chiropractors not enrolled with Medicare) or 
overestimated it by including chiropractors working less 
than full-time. Nevertheless, our data regarding the 
chiropractic workforce appeared consistent based on 
other sources (Additional file 1: Appendix 1). Addition- 
ally, we used previously collected data that sought to 
make conservative estimates of the US primary care 
workforce by excluding physicians working less than 20 
hours per week and those in primarily academic posi- 
tions. Therefore potential underestimation of the pri- 
mary care physician workforce may have affected our 
comparisons of the overall estimates of the two work- 
forces exaggerating the size of the chiropractic work- 
force when compared to that of primary care physicians. 

We used geographic units (the 306 HRRs), which were 
defined by regional use of specialty medical services. It is 
unclear whether medical services utilization patterns are 
comparable to those for ancillary health services such as 
chiropractic care. Given the size of the chiropractic 
workforce, HRRs are currently the only feasible geo- 
graphic unit for study and does have the advantage of 
being independent of political borders. Lastly, because 
our study consisted of analyses on the ecological level, 
which rely on aggregate statistics and are inherently de- 
scriptive, our findings do not necessarily represent asso- 
ciations at the level of the individual practitioner. 
Despite the inherent limitations of our study design, this 
study provides important information regarding US 
chiropractic workforce and its relationship to that of the 
primary care physicians. 

Conclusions 

As the US health care system begins to recognize and 
reimburse more for preventive interventions, services 
such as chiropractic care may find more opportunities 
for integration with primary care. On a per visit basis, 
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chiropractic care is inexpensive when compared to med- 
ical care [35] but larger studies are required to more 
thoroughly evaluate the costs associated with specific 
episodes of care as well as any potential indirect effects 
on overall cost. In light of increasing demands on an 
already overextended primary care workforce, it is an 
important time for health care policymakers to consider 
the direct and indirect effects of decisions regarding fu- 
ture coverage of chiropractic care [34]. Health care pol- 
icymakers and other stakeholders should consider these 
findings when planning for the future health care needs 
of the nation. 
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